The section of the Liguro-Provencal basin north of the Balearic Islands is one of the most productive sites in the whole Mediterranean Sea, with intense phytoplankton bloom lasting about 2 months in late winter-early spring. The phytoplankton species composition of the area was investigated using light and electron microscopy to analyze bottle and net samples collected at several stations in spring 2000 and 2003. Serial dilution cultures established from bottle samples were also examined. A total of 168 phytoplankton taxa was identified, consisting of 73 Coscinodiscophyceae, 47 Dinophyceae, 25 Coccolithophyceae and 4 Prymnesiophyceae, 5 Prasinophyceae, 3 Chrysophyceae, 2 Cryptophyceae, 2 Dictyochophyceae, 1 Euglenophyceae, 1 Pelagophyceae, 1 Choanoflagellidea, 1 Filosea and 3 incertae sedis. We also provided a brief taxonomic description and original micrographs for 25 of the smallest and/or less known species identified in the study area, which may go undetected during routine microscopical analysis of fixed samples. Among these, 10 species were recorded for the first time in the Mediterranean Sea, confirming the need of detailed studies to reveal the biodiversity and biogeography of Mediterranean phytoplankton.
Introduction
The Mediterranean Sea is considered as a miniature ocean (Lacombe et al. 1981, Robinson and Golnaraghi 1995) characterized by a prevalently oligotrophic condition (Azov 1991, Sur et al. 1993 , Antoine and Morel 1995 , Williams 1998 , Duarte et al. 1999 . In contrast to other oceans, the Mediterranean Sea has no intense upwelling zones and its deep waters are characterized by very low nutrient concentrations. The extreme oligotrophy of most Mediterranean areas is offset by the presence of a complex hydrography, with deep convection areas, fronts, and gyres where primary production and biomass values are relatively high (Siokou-Frangou et al. 2010) . One of these areas is the Liguro-Provencaļ basin, which is located in the northwestern sector of the Mediterranean basin, south of the French coast and north of the North Balearic front, between the Balearic Islands and Sardinia. In that zone, intense northwesterly winds induce strong vertical movements that promote phytoplankton blooms lasting over 60 days, generally in February and March. These blooms are clearly detected by satellite imagery (D'Ortenzio and Ribera d'Alcalà 2009) and are responsible for approximately 15% of Mediterranean primary production (Marshall and Schott 1979) . In the Liguro-Provencal basin, physical and biogeochemical aspects of offshore waters have been intensively investigated (MEDOC 1970 , Gascard 1978 , Millot 1987 , Levy et al. 1999 , Anderson and Prieur 2000 . Information on phytoplankton taxonomic composition is available for nearby coastal areas of the Gulf of Marseille (Gourret 1883 , Travers 1971 , Gulf of Lyon (Peragallo and Peragallo 1897 -1908 , Pavillard 1905 , 1916a and the Catalan Sea (Margalef 1969 , 1974 , Delgado 1990 , Descy and Willems 1991 , as well as for open waters of the Gulf of Lyon (Velasquez and Cruzado 1995) and the North Balearic front (Estrada 1982 , Delgado et al. 1992 , Margalef 1995 , Estrada et al. 1999 . More extensive phytoplankton assessments of these areas focusing mainly on diatoms and dinoflagellates were published by Velasquez and Cruzado (1995) and Gómez (2003) , respectively. Some information on nanoflagellates of the northwestern Mediterranean Sea was reported by Delgado and Fortuño (1991) , including scanning electron micrographs of many dinoflagellates, diatoms, and coccolithophores. The latter group was investigated in depth by Cros and Fortuño (2002) , who provided a comprehensive iconography of numerous species based on scanning electron microscopy, highlighting the high diversity of this group in the Mediterranean Sea. However, the areas so far investigated only marginally overlap with the Liguro-Provencal basin, where phytoplankton species composition is still poorly known.
In this paper, we present an overview of the phytoplankton species composition in the offshore area of the Liguro-Provencal basin during the late winter-early spring of two different years. Our specific aims were to characterize the diversity of the phytoplankton in this area during the bloom period and to contribute to the knowledge of the biogeography of the recorded species. In addition, we provide some morphological information on several small and/or poorly known species, which may go undetected because they have a small size, are difficult to identify with traditional methods, and have limited available iconography. The present study was motivated by the need for a better characterization of the marine phytoplankton species composition in one of the most productive areas of the Mediterranean Sea.
Materials and methods

Study area and sampling
The study area (4829.98-6815.02 E and 40844.98-42830 .00 N) is located in the central part of the Ligurian Sea, and is delimited by the Sardinian coast and Balearic Islands. It is a highly dynamic area, where complex physical forcing brings nutrients from deep water into the euphotic zone, thus contributing to enhanced phytoplankton new production. During winter, a deep-mixed layer of dense water is formed; it is rich in nutrients (Coste et al. 1972) . The breakup of this patch during mixing events, followed by a rapid restratification of the surface waters causes the onset of the bloom (Jacques et al. 1973) . These mixing and stratification phases cause this bloom to last about 2 months.
Samples were collected within the project NORBAL (NORth BALearic) during three oceanographic cruises in Table 1) . At each station, temperature and salinity were sampled using a SBE 911 plus CTD probe (Seabird, Bellevue, WA, USA). A total of 69 water samples (250 ml) were collected with 20 l Niskin bottles at surface (0-5 m) and at different depths (Table 1) . Samples were fixed with formaldehyde (0.8% final concentration) neutralized with CaCO 3 . Some additional net samples were collected by horizontal tows with a 20-mm mesh-size plankton net during NORBAL 1 and 4.
Serial dilution cultures
Twenty samples collected during NORBAL 4 and 5 were used to establish serial dilution cultures (SDCs). Following the method of Andersen and Throndsen (2003) , five replicates of five 1:10 dilution steps (from 1 ml to 0.1 ml) per sample were incubated in K-medium (Keller et al. 1987) without addition of silicate and kept at 218C at an irradiance of 70-80 mmol photon m -2 s -1 and a 12:12 light:dark regime. Culture tubes containing growing algae were examined in light microscopy after 3-6 weeks incubation.
Microscopical examination
All samples were examined in light microscopy (LM) using bright field (BF), phase contrast (PC) and differential interference contrast (DIC) optics with Zeiss Axiophot and Axiovert 200 light microscopes (Carl Zeiss, Oberkochen, Germany) equipped with a Zeiss Axiocam digital camera. Thirty-seven formaldehyde-preserved and dilution culture samples were observed using transmission (TEM) and scanning (SEM) electron microscopy. For the examination of diatoms in TEM, samples were treated with nitric and sulphuric acids (1:1:4, sample:HNO 3 :H 2 SO 4 ), boiled for some seconds in order to remove the organic matter and washed with distilled water. Acid-cleaned material was mounted on Formvar-coated grids. For phytoflagellate identification, one drop of the sample was placed on a 200-mesh copper grid and fixed with 2% osmium tetroxide vapors. The grid was rinsed in distilled water for a few minutes, air-dried, then stained with uranyl acetate (0.5%) for 1 min, rinsed in distilled water and air-dried. All grids were observed with a Philips 400 TEM (Philips Electron Optics BV, Eindhoven, Netherlands). For SEM observations, formaldehyde-preserved samples were placed on 3 mm-pore size nucleopore filters, washed in distilled water, dehydrated in an ethanol series (25%, 50%, 75%, 95% and 100%) and critical point-dried. Dried filters were mounted on stubs, sputter-coated with gold-palladium and observed using a Philips 505 SEM (Philips Electron Optics BV). For phytoflagellate identification, a variable amount, depending on cell concentration, from dilution cultures was fixed with osmium tetroxide (1% final concentration) and processed as above. Some acid-cleaned material was also directly mounted on stub and processed as above for SEM examination.
Suprageneric classification of phytoplankton follows Round et al. (1990) for diatoms, Fensome et al. (1993) for dinoflagellates, Throndsen (1997) for phytoflagellates, and Young et al. (2003) and Silva et al. (2007) for coccolithophores. The main texts used for the identification included Hasle and Syvertsen (1997) , Cros and Fortuño (2002) and other specific literature mentioned in the species descriptions provided in the results.
Results
A total of 168 phytoplankton taxa was collected from the Liguro-Provencal basin of the Mediterranean Sea, comprising 73 Coscinodiscophyceae (34 genera), 47 Dinophyceae (22 genera), 25 Coccolithophyceae (18 genera), 4 Prymnesiophyceae (4 genera), 5 Prasinophyceae (5 genera), 3 Chrysophyceae (3 genera), 2 Cryptophyceae (2 genera), 2 Dictyochophyceae (1 genus), 1 Euglenophyceae, 1 Pelagophyceae, 1 Choanoflagellidea, 1 Filosea, and 3 incertae sedis ( Table 2 ). The last three groups, along with a number of dinoflagellates, are unequivocally heterotrophic. However, we included them as they are generally identified in phytoplankton studies.
The following section includes brief taxonomic descriptions for 25 phytoplankton species recorded from the LiguroProvencal basin (Table 3) , along with SEM and/or TEM micrographs and, in some cases, with LM, as well as biogeographic information. The species were selected either because they have never been recorded before in the Mediterranean Sea or were undetected during routine LM observations of field material because they were small and fragile. Description and diagnostic characters for these species are mainly taken from the literature, but in some cases are updated with new observations. The morphometric data are from our own observations. Hasle et al. 1983, p. 59, figs. 11, 301-333, 408-414; Hasle and Syvertsen 1997, p. 179, pl. 36; Bérard-Therriault et al. 1999, p. 33, pl. 18f-g. 
Coscinodiscophyceae
Arcocellulus cornucervis
Morphometric data
Apical axis: 3.5-8.7 mm; pervalvar axis: 1.5 mm; transapical axis: 0.45 mm; pervalvar to apical axis ratio: 0.17-0.43.
Taxonomic description
Cells are slightly curved in girdle view and heterovalvate, with a process valve and a pili valve. The pili valve has two ocelluli from which the pili emerge. The pili do not cross each other and may be missing in small cells (Figure 2 ). Both valves are lanceolate and ornamented with distinct, very small costae which are only present in the central part of the valve (Figure 3, arrow) . The arrangement of the pili, valve ornamentation and curvature, and the pervalvar to apical axis ratio are the main characters used for species identification.
Notes
In natural material, the pili are not always visible and the cells can be misidentified as bacteria due to their diminutive size and irregular outline.
Distribution
This is the first record of Arcocellulus cornucervis in the Mediterranean Sea. The species is usually found in cold-temperate waters, including Helgoland and Bremerhaven waters in the German sector of the North Sea (Hasle et al. 1983 ) and other temperate waters of the northern hemisphere (Bratbak et al. 1990, Hasle and Syvertsen 1997) . It has also been reported from the Gulf of St. Lawrence, Eastern Canada , and from the South Island in New Zealand (Hasle and Syvertsen 1997) .
Arcocellulus mammifer Hasle, von Stosch et Syvertsen 1983 (Figures 4-7)
Reference Hasle et al. 1983, p. 55, figs. 10, 272-300, 415-421 .
Morphometric data
Apical axis: 2.9-5.8 mm; pervalvar axis: 1.6-4.0 mm; transapical axis: 1.0-1.3 mm; pervalvar to apical axis ratio: 0.3-0.7.
Taxonomic description
Cells are markedly curved in girdle view with pili crossing each other (Figures 4 and 5) . 
Chrysochromulina kappa NB4 01, 14, 28 = = = NB5 01 = = = Hyalolithus neolepis NB4 13, 31, 44, 68, 89, 95
Plagioselmis prolonga NB4 44 = = = Teleaulax acuta NB4 44 = = = NS, natural sample; SDC, serial dilution culture; NET, net sample; LM, light microscopy; EM, electron microscopy.
In EM, small spines (spinules) are visible in the terminal part of the pili (Figure 7 ). Valves are oblong to circular. They have a velum which has irregularly shaped perforations of different size (ricoida velum) ( Figure 6 ). This velum is a constant character helping the identification of the species, particularly when it loses the typical shape and pili. This species usually occurs as solitary cells or in pairs. In old cultures, cells appear nearly rectangular, without pili and may form long chains of more than 10 cells, joined to each other by the valvar face. The species can be distinguished from the congeneric Arcocellulus cornucervis by the presence of the velum, by the more pronounced valve curvature, pili that cross each other and the larger pervalvar axis.
Distribution
This is the first record of Arcocellulus mammifer in the Mediterranean Sea. The species has been recorded in plankton and benthos samples from cold-temperate waters of Helgoland and Bremerhaven in the German sector of the North Sea, and in subtropical coastal waters of the Gulf of Mexico (Hasle et al. 1983 ). Figures 8, 9) References Takano 1981, p. 32, figs. 1a, 2-13; Bérard-Therriault et al. 1999, p. 20, pl. 2d; Aké-Castillo et al. 2001, p. 105, figs. 4, 5 .
Minidiscus comicus Takano 1981 (
Morphometric data
Cell diameter: 2.7-4.3 mm.
Taxonomic description
Cells are usually solitary, sometimes in pairs. In culture, cells are often cylindrical in girdle view due to the marked development of cingular bands, and have convex valves (Figure 8 ), whereas in natural samples they often have a lenticular shape. The circular valve is slightly convex, with no distinct mantle. Three to four fultoportulae with three satellite pores on each process base are located halfway between the valve center and the margin (Figure 9 , arrow). One rimoportula with a long external tube is present at the center of the valve (Figure 9 ).
Notes
A long, straight filament, possibly made of chitin, emerges from one of the processes and runs obliquely with respect to the valve face. This is at times clearly visible also in LM, allowing for the species identification (data not shown).
Distribution
The species was described from Japanese waters (Takano 1981) (Gao et al. 1992 ). In the Mediterranean, it is present in the Adriatic (Hasle and Syvertsen 1997) 
Morphometric data
Cell diameter: 2.2-3.9 mm.
Taxonomic description
Cells are small in diameter, with relatively flat valves. Each valve has hexagonal areolae and two or three fultoportulae distant from the prominent hyaline margin. Each fultoportula has two satellite pores on its basal part. One small rimoportula is located near the center of the valve and is sometimes associated with one areola different in size and shape from the others (Figures 10, 11) . The species can be distinguished from Minidiscus comicus in EM.
Distribution
The species is cosmopolitan (Hasle 1973 , Aké-Castillo et al. 2001 ). In the Mediterranean Sea, it has been recorded from the Tyrrhenian (Giuffré et al. 1991) and Adriatic seas (Hasle and Syvertsen 1997) , and along the Catalan coasts (Estrada 1979, Delgado and Fortuño 1991) . (Figures 12-16) 
Papiliocellulus simplex Gardner et Crawford 1992
Reference
Gardner and Crawford 1992, p. 247, figs. 1-8.
Morphometric data
Apical axis: 3-11 mm; pervalvar axis: 7 mm; transapical axis: 1.5-2.6 mm.
Taxonomic description
Cells are very small and solitary, with one chloroplast (Figure 14) . Cells are elliptical in valve view, rectangular in girdle view and heterovalvate. Both valves have a central annulus, whereas only one valve has a central tubular process (Figures 12, 13, 15 ). An ocellulus with four porelli is present at each apex of both valves (Figure 16) . A zigzag interstria runs along the apical axis, departing from the ocelluli and crossing the annulus. The ridge of the valve is not as well-developed as in the congeneric species Papiliocellulus elegans Hasle, von Stosch et Syvertsen (Hasle et al. 1983) .
Distribution
This is the first record of Papiliocellulus simplex in the Mediterranean Sea. The species has been found previously only in the type locality, i.e., from South Wales and Charmouth, Dorset, England (Gardner and Crawford 1992) .
Thalassiosira profunda (Hendey) Hasle 1973 (Figures 17-19)
Basionym
Cylindropyxis profunda Hendey 1964, p. 93, pl. 23, fig. 9 . Hasle 1972, p. 66, fig. 9; Hasle 1973, p. 31, figs. 98-101; Hallegraeff 1984, p. 499, fig. 13 ; Aké-Castillo et al. 1999, p. 45, pl. 18, figs. 134-135 .
References
Morphometric data
Cell diameter: 1.25-2.70 mm.
Taxonomic description
Cells are extremely small, usually solitary, rarely forming chains of three to four cells connected by a thread. Each valve generally has four marginal fultoportulae, each with four satellite pores, and one to two central fultoportulae with two to three satellite pores ( Figure  17) . The central fultoportulae are associated with a central areola (Figures 17, 18) . One short rimoportula is present between two marginal fultoportulae (Figures 17, 18, arrows) . The poroid areolae are often very weakly silicified. They are rectangular in the central part of the valve, becoming elongated toward the margin. The cingulum is comprised of a valvocopula, scattered with minute pores, and several smooth cingular bands (Figure 19 ).
Distribution
This is the first record of Thalassiosira profunda in the Mediterranean Sea. The species has been described from the Bay of Biscay, off the French and Spanish Atlantic coasts (Hendey 1964) and subsequently recorded in the Gulf of Tehuantepec in Mexico (Aké-Castillo et al. 1999), the sub-arctic North Pacific Ocean (Taylor and Waters 1982) , and Australian waters (Hasle 1973 , Hallegraeff 1984 fig. 25g -l.
Morphometric data
Cell diameter: 11.2-16.3 mm; 13-16 areolae in 10 mm; 4-6 fultoportulae in 10 mm.
Taxonomic description
Cells have a small, flat valve surface, with distinct hexagonal areolae with a circular foramen. A fultoportula is present in the valve center ( Figures  20-22 ). Central and marginal fultoportulae are sometimes covered by a siliceous cap. A rimoportula is located between two marginal fultoportulae (Figure 20, arrow) .
Distribution
The species is cosmopolitan (Hasle and Fryxell 1977) . In the Mediterranean Sea, it has been recorded from the Greek (Hasle and Fryxell 1977) and Turkish coasts (Koray 2001) . 
Morphometric data
Length: 7.9-10.6 mm; width: 5.0-8.3 mm. (Figures 15, 16 ).
Taxonomic description
Cells are small, with a conical epitheca and rounded, slightly asymmetrical hypotheca (Figures 23, 24) as wide as the epitheca. The cingulum is displaced less than one times its width. The sulcus has five plates. A small left posterior sulcal plate (lps) and a conspicuous left anterior sulcal plate (las) are evident in the central part of the sulcal area (Figure 23 ). The posterior sulcal plate is rather large and pentagonal. The theca is covered with organic, triangular body scales (not observed in our specimens), which are a remnant of the endosymbiontic prasinophyte from which the chloroplasts of this species derive (Hansen 1995) .
Notes
The species was identified by shape and size of the cell and the shape of most thecal plates, which perfectly match the holotype of Heterocapsa minima showed by Pomroy (1989) . However, in that paper the first cingular plate 1c was interpreted as las, whereas only one relatively large platelet, identified as lps, was described in the central part of the sulcus. Our specimen (Figure 23 ) clearly has two plates, namely, the actual las and a small lps, in the same position as the lps of Pomroy (1989) , who probably missed the suture between these two small plates. This interpretation of the sulcus has already been suggested in a study describ- ing another small species in this genus, H. rotundata Hansen (Hansen 1995) . Had this suture been observed, the sulcal plate arrangement of H. minima would match that of our specimen. Compared to H. minima, H. rotundata has the same sulcal plate arrangement but the sulcal posterior plate is smaller, the hypotheca is shorter and narrower, and the theca is considerably thinner and smoother. In addition, the body scales of the two species may be slightly different (Hansen 1995) .
Distribution
This is the first record of Heterocapsa minima in the Mediterranean Sea. The species is also commonly found in the Gulf of Naples in the Tyrrhenian Sea (D. Sarno and A. Zingone, unpublished data). The species was described from the Celtic Sea (Pomroy 1989) 
Morphometric data
Length: 16.5 mm; width: 9.5 mm.
Taxonomic description
Cells are asymmetrical, with a rounded posterior end and a slightly indented anterior margin. The periflagellar area on the right valve is V-shaped. Knob-like spines cover the whole cell surface. Several circular thecal pores are scattered on the cell surface, sometimes arranged in rows of three or four (Figure 25 ). Less numerous trichocyst pores are distributed mainly close to the margins of the hypothecal plates.
Notes
Our specimen perfectly matches the original description of Prorocentrum donghaiense (Lu and Goebel 2001) . Similar specimens isolated from the Gulf of Naples were genetically identical to P. donghaiense (R. Siano, unpublished data) . Moreover, this species resembles P. maximum (Gourret) Schiller, originally described from the Gulf of Marseille as Postprorocentrum maximum Gourret. In the original diagnosis showing an incomplete line drawing, there is no indication of cell size. Schiller (1933) transferred the species to Prorocentrum maximum Schiller, mistakenly omitting the name of Gourret from the authority, and he provided two new line drawings of specimens from the Adriatic Sea. One drawing shows pores of different size scattered on the whole theca, which are also mentioned in the diagnosis (Schiller 1933 ). This first occurrence of P. donghaiense in the Mediterranean Sea, not far from the type locality of P. maximum, raises some doubts whether the two species are distinct. Indeed, P. donghaiense is very similar to P. maximum in the shape of the theca and dimensions. Different from the original illustration of P. maximum (Schiller 1933) , P. donghaiense has large trichocyst pores mainly distributed close to the valve margins, whereas small pores are scattered on the whole surface but are barely visible in LM. Indeed no SEM micrographs of P. maximum have ever been provided; such images may have revealed the pore patterns on the cell surface. Unfortunately, in describing P. donghaiense, Lu and Goebel (2001) did not discuss the close resemblance with P. maximum, likely because the latter species had been synonymized with P. mexicanum Tafall (Dodge 1975 , Faust et al. 1999 ). This synonymy was subsequently invalidated by Gómez (2005) . Given the poor quality of illustrations in the old literature and the taxonomic and nomenclatural uncertainty regarding P. maximum, we believe that all similar specimens in the Mediterranean Sea will be identified hereafter as P. donghaiense, leaving the enigma of the relationships between P. maximum and P. donghaiense unresolved.
Distribution
The species was recorded in East Yang 2003, Lu et al. 2005) and South China seas and in Hong Kong (Hodgkiss and Yang 2001) . It was reported by Horiguchi (1990) as Prorocentrum dentatum Stein from Korean and Japanese coastal waters. This is the first report of this species in the Mediterranean Sea; it is also relatively common in the Gulf of Naples (D. Sarno and A. Zingone, unpublished data).
Protoperidinium americanum (Gran et Braarud) Balech 1974 (Figure 26)
Basionym
Peridinium americanum Gran and Braarud 1935, p. 377, fig. 54 . Lewis and Dodge 1987, p. 119, figs. 1-7; Bérard-Therriault et al. 1999, p. 177, pl. 97a-c, f .
References
Morphometric data
Cell width: 35 mm.
Taxonomic description
The species is characterized by the presence of four intercalary plates on the epitheca, which is quite unusual since congeneric species only have two or three intercalary plates. The apical pore is attached to the first apical plate by a canal plate. Trichocysts are scattered on the thecal plates (Figure 26 ). Only an anterior view of one specimen was observed in SEM.
Distribution
Protoperidium americanum has been reported from the west coasts of Ireland (Gran and Braarud 1935) , Britain (Parke and Dixon 1976) and Scotland (Lewis and Dodge 1987) , from northwestern Spain (Gaarder 1954) , the Gulf of St. Lawrence, Eastern Canada , Gulf of Maine and South Atlantic waters (Borgese 1987) . This is the first occurrence of this species in the Mediterranean Sea, which has been previously reported only as resting cysts in the Gulf of Naples (Montresor et al. 1998 
Morphometric data
Length: 36 mm; width: 30 mm.
Taxonomic description
Cells are ovoid in ventral view and almost circular in cross section, with an equatorial girdle. Both epithecal and hypothecal margins are rounded ( Figure  27 ). The cingulum has a well-developed wing with radial ribs. A small apical horn ( Figure 27 ) and two antapical spines are present (Figure 29 ). The 19 (first apical) plate has six sides (para) and the 2a (second intercalary) is a large hexagonal plate (hexa) (Figure 28 ). Four longitudinal sutures with narrow lists are visible, of which the right anterior does not reach the cingulum (Figure 28 ). The ornamentation of the theca is a fine reticulation.
Notes
Our specimens match the plate pattern and shape of single plates originally described for Protoperidiuim brachypus by Abé (1981) . The narrow longitudinal lists on the epitheca are also very similar to those illustrated by Abé (1981) . However, P. brachypus is larger (55-63 mm long and 46-55 mm wide) and its overall body shape is described and drawn as bi-conical, rather than spherical. Our specimens also show some similarities with P. capurroi Balech, a species with rounded cells described from the southwestern Atlantic (Balech 1971) , and P. capurroi var. pellucidum (Balech) Balech, which matches our specimens in cell size. Later, Balech (1994) suggested that P. brachypus and P. capurroi could possibly belong to the same species, but without making any formal statement on this matter. Therefore, this taxonomic uncertainty and the lack of original illustrations other than line drawings prevent us from correctly assigning our specimens to either of the two above species, i.e., P. brachypus or P. capurroi. A ventral view of our specimens is missing, but would not have solved the identification problem.
Distribution
There is no information on the distribution of Protoperidinium brachypus and P. capurroi (Gómez 2005) , outside their type locality occurrence in Shimoda, Japan (Abé 1981) and southwestern Atlantic (Balech 1971) , respectively. Cros and Fortuño 2002, p. 60, fig. 88b .
Morphometric data
Coccosphere diameter: 2.9 mm; body coccolith diameter: 0.6 mm; circum-flagellar coccolith height: ca. 1.3 mm.
Taxonomic description
Monothecate dimorphic coccosphere. The cell body is oval. The body coccoliths have a thin rim constituted of a ring, one-crystal wide, and a central dome formed by few crystals. The circum-flagellar coccoliths have flat leaf-like process (fragarioliths) with straight sides (Figure 30 ).
Notes
Anthosphaera sp. type B can be distinguished from A. fragaria Kamptner by the body and circum-flagellar coccolith morphology and size. Both types of coccoliths of A. fragaria are bigger, and body coccoliths have a more prominent dome-shaped central part and a proximal rim comprising three rows of crystals. Our Anthosphaera sp. type B specimens are smaller than those reported by Cros and Fortuño (2002) .
Distribution
This species has only been reported from the northwestern Mediterranean Sea (Cros and Fortuño 2002) .
Gephyrocapsa muellerae Bré hé ret 1978 (Figure 31)
References Bréhéret 1978, p. 448, pl. 2, figs. 3-4; Samtleben 1980, p. 106, pl. 14, figs. 6-8, pl. 15, figs. 1-4; Kleijne 1993, p. 230, pl. 2, fig. 4 ; Cros and Fortuño 2002, p. 46, fig.  61a ; Young et al. 2003, p. 10, pl. 2, figs. 6-9; Malinverno et al. 2008, p. 44, fig. 16 .
Morphometric data
Coccosphere diameter: 4.7-8.2 mm; body coccoliths (placoliths) length: 3.5-3.7 mm.
Taxonomic description
Monothecate monomorphic coccosphere. The cell body is spherical. The body coccoliths (placoliths) have a narrow central area and a bar forming an angle of 458 to the long axis of the coccolith (Figure 31 ). The larger placoliths and the larger angle of the bar distinguish Gephyrocapsa muellerae from the congeneric species G. ericsonii McIntyre et Bé.
Distribution
This species has a cosmopolitan distribution. In the Mediterranean Sea, it has been recorded in both eastern (Kimor and Wood 1975, Malinverno et al. 2008 ) and western basins (Cros and Fortuño 2002) . (Figures 32, 33) 
Poritectolithus poritectus (Heimdal) Kleijne 1991
Basionym
Helladosphaera poritectum Heimdal in Heimdal et Gaarder 1980, p. 7, pl. 2, fig. 15a -b.
References
Cros and Fortuño 2002, p. 66, fig. 102a-b ; Young et al. 2003, p. 102, figs. 1-3 .
Morphometric data
Coccosphere diameter: 8.5 mm; body coccolith length: 1.8 mm; body coccolith width: 1.3 mm; body coccolith height: 0.4 mm; circum-flagellar coccolith length: 1.9 mm.
Taxonomic description
Monothecate dimorphic coccosphere. The cell body is irregular in shape. The domeshaped body coccoliths are formed by large crystalliths with an evident rim. The circum-flagellar coccoliths (helladoliths) have a flared wall and a large protrusion (Figures 32, 33 ).
Distribution
The species has been reported from the northwestern (Cros and Fortuño 2002) and eastern basins of the Mediterranean Sea as Poritectolithus cf. poritectus. It has also been recorded in the Caribbean Sea (Winter et al. 2002) and Indian Ocean (Takahashi 1981) . Lecal 1965 (Figures 34, 35) 
Syracosphaera corolla
Synonyms
Gaarderia corolla (Lecal) Kleijne 1993, p. 252, pl. 1, figs. 1-4 ; Syracolithus corolla Lecal 1965, p. 252, pl. 1, fig. 2 ; Umbellosphaera corolla (Lecal) Gaarder in Heimdal and Gaarder 1981, p. 62, 64, pl. 11, figs. 52-57 .
References
Cros and Fortuño 2002, p. 29, fig. 29 ; Young et al. 2003, p. 44, figs. 13-15; Malinverno et al. 2008, p. 105, fig. 76 .
Morphometric data
Body coccoliths: 2.2 mm; exothecal coccolith length: 4.4 mm.
Taxonomic description
Dithecate monomorphic coccosphere. Cell body is oval. Body coccoliths have a beaded mid-wall flange and a chiral distal flange (Figure 34 ). Exothecal coccoliths have a petaloid-shaped distal flange showing chirality, with an evident anticlockwise direction ( Figure  35 ).
Distribution
This species has been recorded in both western (Cros and Fortuño 2002) and eastern basins (Malinverno et al. 2008 ) of the Mediterranean Sea. It has also been reported from both Atlantic and Pacific oceans (Heimdal 1993 Young et al. 2003, p. 44, figs. 9, 12; Cros and Fortuño 2002, p. 41, fig. 53a-d ; Malinverno et al. 2008, p. 104, fig. 75 ; Kleijne and Cros 2009, p. 430, pl. 3, figs. 1-6 .
Morphometric data
Coccosphere long axis: 9.3 mm; body coccoliths length: 3.1 mm; circum-flagellar coccoliths spine length: 2.0 mm.
Taxonomic description
Dithecate dimorphic coccosphere. The cell body is spherical. The body coccoliths have beaded mid-wall flange and a distal flange with nodules on its inner part. The circum-flagellar coccoliths have beaded mid-wall flange and a robust spine (Figure 36 ). No exothecal coccoliths were observed. (Figures 31, 32, 34, 39); 1 mm (Figures 30, 33, 37, 38) ; 0.5 mm (Figure 35 ).
Notes
The association of Syracosphaera didyma with Homozygosphaera arethusae (Kamptner) Kleijne is still uncertain, as Cros et al. (2000) only reported two ambiguous combination coccospheres.
Distribution
The species has been recorded in the northwestern (Cros and Fortuño 2002) and eastern Mediterranean Sea (Malinverno et al. 2008 ). (Figures 37, 38) 
Syracosphaera marginaporata Knappertsbusch 1993
Synonyms
Syracosphaera sp. A sensu Samtleben and Schröder 1990, pl. 1, fig. 3 ; Syracosphaera type H sensu Kleijne 1993, p. 5, fig. 6 . Knappertsbusch 1993, p. 72, pl. 2, figs. 1-4; Cros and Fortuño 2002, p. 30, fig. 30a-d; Young et al. 2003, p. 46, figs. 13-15; Malinverno et al. 2008, p. 98, fig. 68 .
References
Morphometric data
Coccosphere diameter: 4.3-6.9 mm; body coccolith length: 1.8 mm; body coccolith width: 1.4 mm; circum-flagellar coccolith length: 1.1 mm; circum-flagellar coccolith width: 0.68 mm.
Taxonomic description
Dithecate dimorphic coccosphere. The cell body is spherical. The body coccoliths are flat with a smooth distal flange ( Figure 37 ). The circumflagellar coccoliths are smaller than the body ones and bear a spine (Figure 38 ). The central area is smooth with a ring of pores on the margin. No exothecal coccoliths were observed.
Distribution
The species has been reported from both the western (Cros and Fortuño 2002) and eastern basins (Malinverno et al. 2008 ) of the Mediterranean Sea. It has also been recorded in the Norwegian-Greenland Sea (Samtleben et al. 1995) and in the North Atlantic Ocean (Knappertsbusch 1993) .
Syracosphaera molischii Schiller 1925 (Figure 39)
Synonyms
Caneosphaera molischii (Schiller) Gaarder in Gaarder and Heimdal 1977, p. 66, pl. 7, figs. 40-46, pl. 8, figs. 47-49 ; Syracosphaera corrugis Okada et McIntyre 1977, p. 24, pl. 8, figs. 4-5; Syracosphaera elatensis Winter in Winter et al. 1979, p. 207, pl. 3, figs. 11-13 . Schiller 1925, p. 21, fig. K; Cros and Fortuño 2002, p. 30, fig. 31a-d; Young et al. 2003, p. 46, figs. 4, 7 .
References
Morphometric data
Coccosphere major axis: 7.7 mm; coccosphere minor axis: 6.0 mm; body coccolith length: 2.9 mm; body coccolith width: 2.1 mm.
Taxonomic description
Dithecate dimorphic coccosphere. Cell body is ovoid. The body coccoliths have a broad distal flange. The outer part of distal flange has low radial ridges and the inner part has teeth-like projections. A slightly developed ridge is located centrally, parallel to the long axis of the plate (Figure 39 ). The circum-flagellar coccoliths (caneoliths) are smaller than the body ones and bear a conspicuous central spine. No exothecal coccoliths were observed. Our specimen corresponds to S. molischii type 2 (see Young et al. 2003 , Malinverno et al. 2008 ). Cros et al. (2000) illustrated a single collapsed coccosphere from the northwestern Mediterranean Sea, showing dimorphic endothecal coccoliths of Syracosphaera molischii in combination with both ordinary and circum-flagellar coccoliths of Anthosphaera fragaria.
Notes
Distribution
This species has been recorded in the northwestern Mediterranean Sea (Cros and Fortuño 2002) . It has also been reported in the Norwegian Sea, Atlantic, Indian and Pacific oceans and in Australian waters (Heimdal 1993) .
Syracosphaera prolongata Gran ex Lohmann type 2 sensu Heimdal and Gaarder 1981 (Figure 40)
References Heimdal and Gaarder 1981, p. 62, pl. 10, figs. 48-50; Young et al. 2003, p. 42, figs. 12, 15 .
Morphometric data
Coccosphere long axis: 10 mm; body coccolith width: 2.4-2.8 mm.
Taxonomic description
Dithecate dimorphic coccosphere. The cell body is ovoid to elongate. The body coccoliths have three smooth flanges and the central area has laths converging in the center and forming a twisted mound (Figure 40 ). The circum-flagellar coccoliths have a central spine. No exothecal coccoliths were observed.
Distribution
The species is present in the northwestern Mediterranean Sea (Cros and Fortuño 2002) , along Egyptian (Kimor and Wood 1975) and Tunisian coasts (Saugestad and Heimdal 2002 ) and the Gulf of Naples (D. Sarno and A. Zingone, unpublished data) . The species has also been reported from the Atlantic Ocean (Heimdal 1993) . 
Basionym
Cycloplacolithus foliosus Kamptner 1963, p. 167, pl. 7, fig. 38 .
Synonyms
Cyclococcolithus mirabilis (Lohmann) Kamptner 1954, p. 24, figs. 21-23; Umbilicosphaera mirabilis Lohmann 1902, p. 139, pl. 17, figs. 1-2 ; Umbilicosphaera sibogae var. foliosa (Kamptner) Okada et McIntyre 1977, p. 13, pl. 4, fig. 1 . Cros and Fortuño 2002, p. 49, fig. 64a-b; Young et al. 2003, p. 20, figs. 10-12; Malinverno et al. 2008, p. 35, fig. 7 . 
References
Morphometric data
Coccosphere diameter: 12 mm; body coccolith diameter: 5.5 mm.
Taxonomic description
Monothecate monomorphic coccosphere. The cell body is spherical. The body coccoliths (placoliths) have small opening and distal shield larger than the proximal shield (Figure 41) . One or more hook-like spines are often visible in the central area.
Distribution
The species has been recorded from the eastern (Malinverno et al. 2008 ) and western basins (Cros and Fortuño 2002) of the Mediterranean Sea, including the Gulf of Salerno (A. Zingone, unpublished data) . It has been recorded in Atlantic, Pacific and Australian waters (Heimdal 1993) . 
Morphometric data
Cell diameter: 3.2-4.0 mm; haptonema length: 9.7 mm; flagellum length: 10.0-12.6 mm; large plate scales: 0.6-0.7=0.4-0.5 mm; small plate scales: 0.2-0.3=0.3-0.4 mm; spine scales: 0.5-0.6 mm.
Taxonomic description
Cells are spherical to subspherical in shape, with two chloroplasts. When fully extended, the haptonema has approximately the same length as the flagella (Figure 42 ). Cells are covered with three types of scales of different size and ornamentation: large plate scales with a raised rim, small plate scales and very few spine scales located near the haptonemal base (Figures 43, 44 ). Both types of plate scales have a crossing pattern of microfibrils.
Distribution
The species has been reported from British (Parke et al. 1955) and Norwegian waters as Chrysochromulina cf. kappa in Throndsen (1969) . This is the first occurrence of this species in the Mediterranean Sea, except for a previous report from Greece (Nikolaidis and Moustaka-Gouni 1990 ) that lacks confirmation in EM (see below). 
Morphometric data
Cell diameter with scales: 30 mm; scale length: 7.6 mm; scale width: 5.0 mm.
Taxonomic description
Cells are spherical to subspherical in shape and have two yellowish and rounded chloroplasts (Figure 45 ). Cells are covered with typical hat-shaped siliceous scales (Figure 46 ). The central area of these scales is perforated by small pores and cup-shaped, with a concavity at its top produced by the presence of two bulges ( Figure  46 ). The marginal rim of the scale is smooth and bent upwards.
Distribution
The siliceous scales of this species are found worldwide, including in the Adriatic Sea (Yoshida et al. 2006 ). Whole cells have been recorded only in Japanese waters (Yoshida et al. 2006 ) from which they have been cultured. This is the first occurrence of whole cells in the Mediterranean Sea, where they are also found in the Gulf of Naples (A. Zingone, unpublished data). fig. 6g .
Morphometric data
Cell diameter: 3.5 mm; larger circular scales: 0.19-0.22 mm; smaller oval scales: 0.16-0.18=0.14-0.15 mm.
Taxonomic description
Cells show the typical heartlike shape with the two flagella and the haptonema emerging from a depression in the cell body (Figure 47 ). The flagella are subequal in length. Cells are covered by two layers of different body scales: the external layer has larger, circular plates and the internal one has smaller, oval plates ( Figure  48 ). In the larger scales, a subcircular structure is at times visible in the middle of the scale surface (Figure 48, arrow) . The five-filament structure ejected by the cells has a fivepointed star in its center, often surrounded by dense material, possibly of mucous nature, with a circular hole in the center of the star-like structure (Figure 49 ).
Distribution
The species (strains MEDNS2 and MED-SN3) was recorded for the first time in the northwestern Mediterranean Sea and initially attributed to Phaeocystis cordata Zingone et Chrétiennot-Dinet (Zingone et al. 1999 ).
However, the scales of P. cordata are oval (0.25=0.18 mm).
In addition, molecular analysis places Phaeocystis sp. 3 within the P. globosa-complex rather than with P. cordata (Medlin and Zingone 2007) . Butcher 1967, p. 18, pl. 1, fig. 9 , pl. 14, fig.  2 ; Hill 1992a, p. 165, figs. 1A-P; Novarino et al. 1994, p. 90, figs. 1-18; Novarino 2005, p. 62, fig. 8 ; Cerino and Zingone 2006, p. 367, figs. 9-13 .
Morphometric data
Length: 6.0-13.0 mm; width: 3.0-5.9 mm.
Taxonomic description
Cells have a tear-drop shape with a round anterior end and a prominent tail at the posterior end ( Figure 50 ). Cells bear two slightly subequal flagella, the right one shorter than the left one. A furrow runs posteriorly from the vestibulum along the ventral surface and extends for about one-third of the cell length. The inner periplast component has hexagonal plates, which are absent in the vestibular area and on the tail.
Distribution
Largely distributed worldwide, Plagioselmis prolonga has been recorded in British waters (Butcher 1967) , Irish and Baltic seas (Hill 1992a) , Skagerrak, North Sea (Kuylenstierna and Karlson 1994) , La Rochelle, France (Pastoureaud et al. 2003 , Charles et al. 2005 , Novarino 2005 , and San Francisco Bay (Cloern and Dufford 2005) and Salton Sea in California (Barlow and Kugrens 2002) . In the Mediterranean Sea, the species has been recorded along Spanish coasts and the Alboran Sea (Margalef 1969 , Novarino 2005 , Gulf of Naples (Cerino and Zingone 2006) , and Adriatic Sea near the Po River delta lagoon (Andreoli et al. 1986 ). 
Morphometric data
Length: 8.1 mm; width: 3.8 mm.
Taxonomic description
Cells have a strongly rostrate anterior and a pointed posterior end. Flagella are sub-equal in length. Cells have a long, deep furrow extending for about half the cell length (Figure 51) . The periplast has an inner sheet, without discrete plates (Figure 51 ).
Distribution
In the Mediterranean Sea, the species has been recorded in the Gulf of Naples (Cerino and Zingone 2006) and in Alboran Sea and Barcelona coastal waters (Novarino 2005) . It has been also reported from British coastal waters (Butcher 1952 (Butcher , 1967 , Baltic Sea (Hill 1992b) , North Sea (Novarino et al. 1997) , Gulf of St. Lawrence in eastern Canada , Salton Sea in California (Barlow and Kugrens 2002) , and Victoria in Australia (Hill 1991) .
Discussion
The eukaryotic phytoplankton assemblage in the Liguro-Provencal basin of the Mediterranean Sea is relatively speciosȩ in the spring season, with a total number of 168 taxa recorded during the 2-year study. This is certainly a conservative estimate, considering that, originally, this study was not strictly focused on species diversity and hence the identification of some groups of species, e.g., the unarmored dinoflagellates, was not properly addressed. Our species list is dominated by diatoms, which cover almost half of the total diversity recorded in the area. Most of these diatoms (e.g., Chaetoceros spp., Thalassiosira spp., Pseudo-nitzschia spp.) are a common component of the spring phytoplankton bloom occurring in other areas of the Mediterranean Sea (SiokouFrangou et al. 2010) , while others are very rare. Velasquez and Cruzado (1995) revised the diatom flora of the northwestern Mediterranean Sea based on literature since 1883 and their own material. They came up with a list of 753 taxa, including 504 pennates and 249 centrics. In this study, the low number of diatom species recorded with 54 centrics and 19 pennates can be explained by the sampling strategy which was limited both in space and time and did not include coastal, benthic and ticoplanktonic species. Nonetheless, 17 taxa from our species list were not reported in the review of Velasquez and Cruzado (1995) (Table 3) . However, among these 17 taxa, a few (e.g., Cyclotella choctawhatcheeana, Dactyliosolen phuketensis, Pseudo-nitzschia galaxiae) had not even been described in 1995, obviously preventing them from appearing in previous reports. Identification inaccuracies may have also contributed to the lack of records for some species. For example, Thalassiosira cf. allenii may have been misidentified as T. nordenskioeldii Cleve (Marino and Modigh 1981) , a species that is typical of cold waters of the Northern Hemisphere (Hasle 1978) and has never been documented in the Mediterranean Sea. In other cases, identification can only be accurately verified through electron microscopy, which has not been frequently used in past studies. Here, we reported the presence of a number of tiny diatoms mainly because they grew well in sufficient numbers in our SDCs and could later be observed in TEM. More specifically, four diatom species, Arcocellulus cornucervis, A. mammifer, Papiliocellulus simplex and Thalassiosira profunda, represent new records for the Mediterranean Sea.
We did not record a high number of dinoflagellate species in the Liguro-Provencal basin, although Gómez (2003) recently reported 673 species of dinoflagellates making a rather diversified group in the Mediterranean Sea. However, the diversity of dinoflagellates is better assessed through net sampling, which we used for only a very minor portion of our collections. In addition, dinoflagellates are more abundant and diverse during the summer months. We also observed many athecate unidentified dinoflagellates in the nano-sized fraction of the plankton (-20 mm) in our preserved samples, but not in our SDCs, which would have allowed us to use EM for an accurate identification at the species level. In fact, the diversity of small dinoflagellates can be better addressed with a modified SDC technique, using multiwell plates which allow the observation of less abundant species (Siano et al. 2009 ). Nonetheless, we provide new information with the first occurrence of Heterocapsa minima, Prorocentrum donghaiense, vegetative cells of Protoperidinium americanum and P. brachypus (or P. capurroi) in the Mediterranean Sea.
The use of culture experiments (SDCs) during the NOR-BAL cruises allowed us to address a usually neglected component of the phytoplankton, i.e., the small, naked and soft flagellates. This protocol only reveals the viability of culturable species, which are known to represent a small fraction of all living microscopic eukaryotes in the sea. Some very important fraction of the flagellates could only be detected and identified in cultured material. Among them, EM-identified Chrysochromulina kappa and Imantonia rotunda are reported for the first time in the Mediterranean Sea. In addition, we identified the pelagophyte Pelagomonas calceolata based on its typical cell shape, single flagellum and the peculiar swimming behavior. Pelagophytes have so far been detected in the Mediterranean Sea only through their characteristic pigment signature (Claustre et al. 1994 , Barlow et al. 1997 , Brunet et al. 2006 and DNA sequencing (Dìez et al. 2001 , Massana et al. 2004 , McDonald et al. 2007 ). Coccolithophores were numerous in the Liguro-Provencal basin, but all of them have been already reported from the northwestern Mediterranean Sea (Cros and Fortuño 2002) .
One of the main results of this study is the discovery of many small species usually overlooked with routine identification protocols, which nonetheless can be highly relevant to the pelagic food web. In this survey, 17 species, mainly diatoms and flagellates, belong to the eukaryotic picophytoplankton (-3 mm), and some of them were very abundant during the bloom period, such as Minidiscus comicus, which contributed up to 40% of total cell numbers and 20% of total biomass during the NORBAL 4 cruise in March (Iennaco 2004) . Picoeukaryotes are indeed a rather diverse group, with more than 70 species described to date (Vaulot et al. 2008) . Their relevance in terms of biomass and primary productivity has been shown in different marine pelagic ecosystems (Li 1994 , Marañón et al. 2001 , Worden et al. 2004 , Buck et al. 2008 . Nonetheless, small unicellular eukaryotes have received much less attention than the prokaryotes over the last decades, judging by the absence of a taxonomic overview of marine eukaryotic picoplankton since the work of Thomsen (1986) .
The high number of new records in this study clearly indicates that the phytoplankton biodiversity of the Mediterranean Sea is far from being completely known. Thorough taxonomic investigations are warranted in more areas and periods of the year in order to get a more complete appreciation of this diversity. It is a most useful task which can provide a baseline for future comparisons, contributing to the identification of phytoplankton shifts in species composition in relation to climate change or harmful/toxic species invasions. In addition, sound taxonomic information is needed to allow interpretation of the huge amount of molecular data that is rapidly accumulating.
